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ABS TRACT 

The determination of explosion temoeratures is of considerable 
importance from the viewpoint of both safaty and the information which 
such studies may give as to energies neoessary for explosion. an 
attempt has been made to improve the equipment and procedures employed 
in past studies for this purpose, The equipment is described, and the 
r3sults and procedures are discussed in relation to pertinent para- 
meters affecting the determinations, 

The writer wishes to express his aopreciation for the assistance 
given him by Professor J. E. Sinclair of the U, 5, Naval Postgraduate 


School. 
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1, Introduction. 

Knowlsdse of tho conditions for initiation of detonution is of graut 
practical importance both from the viowpoint cf causing detonation to 
occur when it is wanted, and also to pravent it from occurring when it is 
not wanted, namely during manufacturs, storuge, shipment, and handling in 
preparation for use, This problem has receivod a sreat dial of con- 
Sideration, and many methods have been desi;med for its study. One of 
these methods, that of determining the toemperatur> of icnition versus 
timo is lixewise of considerable importance for the same reasons noted 
above and is the subject with which thie study will be concerned. The 
axuression "temperature of ignition” as used in this study, means ten- 
perature 26 which decomposition bacomes exolosive in character, 

The ignition temperxture cannot be considered constant. Past 
studies have indicated a variance dependent upon numerous varinblos, 

(1, 2, 3, 4, and 5) Those most genzrally believed to have an affect on 
ignition tenoerature have been thoroughly investigated and will be the 
subject of considerable discussion in tho body of this report. 

Methods employed in the past studiss referred to azbove have been 
numerous and no less varied than the results obtained and conclusions 
reported, One can find in any treatise on the subject in question, 
Statements such as the followin-: 

At different nlaces diffursnt machines and apparatus 

are used, and the numerical recalts differ i 

consequence from laboratory to laboratory. (1) 
This very pertinent statement and the differsances to which it refers 
constitute a major oart of the justification for this study. an 
analysis of the advantages and disadvantages of the different methods 
Wis necessarily made and will be discussed elsewhere in the resort, 
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Thus the overail surpose of this wtuly is to design and fabricat> 
a device or system which «ill embody those advantazes found to 9xist in 
pruvious methods and ‘to allevinte those disacvanta7ss cr orroneous 
conclusions and assumptions determined to exist in those same past 
studios. 

Success in tho primary objectivo will vermit, »cossidly, an investi-= 
gation of perhaps more fund.ment.) factors cr properties involved in 
axcressions reluting to thirnal sensitivity of exolosives. Specifically 


it appears most desirz5le to avvraise the feasibility of evaluating the 


enerzy necessary to induce ignition. 
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2» Investigation of » rameters, 

The subject of paransters is in itself 2 subject deninding c.roefal 
and extensive analysis. One must cloarly define a purunetor for the 
particular moShod eannloyed. Clurity ind completeness of definition is 
essential for reasons 25 vital as they may be obvious. kvoiry sffort 
must be made to understand the existence und effect of sacn factor that 
does in fact affect the dotermirations, It is unlikely that a mere 
Pmowledre of Teletive efieects of various parameters is sufficient in 
that such information tends to encovrage the questionable vractics of 
canceling consideration of those paransters which appear to counteract 
the effects of one another. When working with explosives, one seldon 
enjoys linear or prceportional, ani not always predictable relation- 
ships. By the sams token, equal attention is necessary in elimination 
of all non-parameters to avoid nuisancs problems and the attendant 
sacrifice in simplicity of machine and method. The results of this 
phase of the work producscd the followin: parameters; 

(1) Samole insulation 

(2) Rate of heating 

(3) Time sample is subjected to 9 given temperature 

(4) Temporature to which sample is subjected 

(5) Nature of sample 

(6) Rate of heat loss 

(7) Nature of surroundin: modium 

(8) Frequency of temoerature rucor ings 

(9) Position, with respect to sample, whore temperatur) is taken. 
pamole insulation; 


This refers to the manner in which the sample is contuined cr pack- 
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aced during the period it is being subjected to heating. In some cases, 
where the uncontained sample is applied directly to a heat source, sample 
insulation would be a function only of the heat transfer and film co- 
efficients of the heat source and explosive sampls. Most frequently the 
sample is contained in some manner, suzlly a capsule of either coppor, 
iron,or glass. In general, copver his recaived widest use of the three 
for various reasons. Its ready availability in a useable form, such as 
the shells for electric and norn- -lectric detonators, undoubtedly repre- 
sents a major advantage and justification for its application in the less 
complex and more direct methods to be discussed later. Copper containers 
ar2 reuseabls, an acvantage for obvious reasons and at the same time a 
disadvantage in that considerable care must be exercised to insure ab- 
solute cleanliness and absence of metallic oxide films so that consistent 
and efficient heat conduction may be obtained in the interest of repro- 
ducible results, This calle for extensive sand papering and cleaning 
before and after all test runs. The excellent heat conductivity of 
cooper is of course the major advantage and reason for its wide use, 
Rapid conduction of hext is essential to the success of any method of 
temperature versus time study whersin the assumotion is made that the 
temperatur2 of the heat bath is essentially that of the explosive samorle 
at the time of ignition. 41 thoroush analysis of this assumption will 
constitute a major pertion of this .roject. 

Zlass capsules or contiin3ars have beon usad to a desree in some 
earlier studiec, but wider apnlication has been definitely limited, due 
primarily to soor heat conductivity properties, ‘Where poor heat cor- 
cuction is acknowledge., as in the case of z¢lass, ons is truly hard 


presse? to accent the general assumption that the heat bath temperature 





is comparable to samole temperatur2, Aside from this very real aise 
advantage in those cases where only batn temperature is recorded, lass 
affords the user several worthvhile advantages, namely: cleanliness and 
exide coatinzs are no lonser a problem; thas heat transfer, though 
certainly not negli,ible, can be mado constint for all tests by simply 
insuring uniformity of the glass containcr as to size, tnickness, and 
type of glass. This represents a most desirable factor in the quest for 
reoroducibility of results, Oboviously, glass capsules cannot be reused 
and may present problems in the physical fabrication or design of eyuio~ 
ment. However the relative ease with which glass may be formed and 
shaped, in addition to ready availability in a wide varisty of capsule 
shapes and sizes, would seen to more than offset the usual desi;n 
problems due to the fragile properties of glass, 

For comparison purpeses tne following “able lists temperaturss of 


ignition and associated times for various explosives. (1, 5) 


Temp, raised 20 C° sxplosion occurring 
per minute in exactly 5 sécs. 
EXPLOSIVS GLASS IRON 1RON COPPER 
Lead Azide OOO (OT 350 549 
Merc. Fulminate 175 166 200 210 
Lead Styphna te 276 Bis 268 282 


These data have been tabulated hers to indicate the close correlation 
of results that may be cbtained rezardless of the contuiner emoloyed, 
Thoush only three explosives have »oeen listed, the variations shown ere 
typical of roasults obtained for the great majority of explosives s tb- 
jected to this type of test, 

It may thersfore be assumed that a decision to utilizs3 one or 
another type of sample contuaingr nesd only satisfy physical desi,n or 
fabrication requirements. Thus rsynroducibls and corsistent results 


may be obtained and considered independent of the type of materiyvl used 
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for sample insulation. 
Period of time sample is subjected to a ziven temperature: 

The effect this so-called oarameter has uvon the cbhserved tenipers- 
ture of ignition has received considerable attention from the a@jority 
of authors concerned with studies of this nature, In ~eneral the con- 
clusions reached by these authors tend to redesignate this time period. 
That is, rather than viewins it as a parametar they chose to regard it 
Bomeaic Ultimates ame tac Chey Wiei to moasurs and recor, In so doing, 
it was in all cases necessary to assume that heat conduction was ?ssen- 
tially instantaneous, Thus the r:coriec tomperuture of the exvlosivoe 
sample was considered to be the same as the heat source and this time 
interval thus became the time lag necessary for the samole to isnite 
at a constant temperature. These rather broad assumptions were 
necessary and sufficient to permit an evaluation of the energy of 
activation based upon reaction rate kinetics and heat balance equations. 
The final equation in simple form is as follovs; 

log t= /RTo # B 
This equation is generally recognized as the 2ovroorinte relationship 
governing the time lag t, orior to oxplosion aifter heating to 1 ter 
Lorwcure. To iN Ine cderivoiulonu ise ivon in ipoendix Il. 
Rate of hoating: 

it is interssting to not» that rate of heating is fraqiontly men- 
tioned by many authors as a parameter havine consivterable influence upon 
the venperatur? of ignition and the inherent time la. The rate of 
heating of the sample is of course a direct function of the temperature 
to which the sample is exposed, the insulation of the sample, anc, tr 
some cases, the degree or self-housing occurrin, within the sim la. 


¢ 


Recognizing those facts, one is faced with an appar nt contradiction 





when the same authors follow with assumptions concerning instantaneous 
heat transfer, Intuitively, one expects an increase in the rate of 
heating to reduce the time required for ignition at a givon temperaturs 
or conversely, to reduce the temperature of ignition at a given time. 
It is anticipated that the equipment and procedures to be employed in 
this project will substantiate this supposition. 

Temperature to which sinola is subjected: 

This is a oarumeter in itself dependent upon underlying assumptiors 
and procedurgs involved in the stucy. In the instance where this ten- 
peratures is taken to be the temoerature of ignition, its effect as a 
paraneter will be restricted to the influence it will have on lag time 


alone. Herein an invers? relationship will exist as in the case of 


cr 


Poeo eG. Hexatingseecn the other hand, if, as this writer suspects, heat 
transfer may not in fact be instantaneous, then the temperature to 
which the sample is suhjicted will play a far nore complex role, It 
would be expected that variations in this tomperxuture would not only 
affect lag time but also the actunl temperature of ignition by virtue 
of the inherent variations in rate of heating. The nonelinesrity of 
heat transfer rate with rasvect to temperature would thus introduce 
comparable non=linexur time and temperature results. Equipment design 
and »srocedures was directed svecifically toward clarification of this 
point. Clearly, to accomlish this, it shall be necessary to secure a 
mors precise indication of samole temperatura, 
Natur: of sample: 

Recognizing that an important rejuiremont is the design of labora- 
tory scale eguioment, sample size is immediately limited to vary small 


(aA diese pertence IMcicatss tho quantities in question should not 





exceed 40 to 50 mg. to be consistent with general laboratory safety and 
particularly for simplicity in equipment design and procedures, Tests 
were conducted which indicate results are reproducible and independent 
of sample size up to 15 mge Thus the proper sample size to use will be 
a design parameter which will be determined and tabulated with final ree 
sults. Sample condition with respect to dryness has a definite influence 
on accuracy and reproducibility of results, It has been determined that 
a minimum 24 hour drying period in vacuum oven type apparatus is essen- 
tial for all explosive samples. In general the explosives used in this 
project were standard commercial grades. 

Rate of heat loss: 

Referring to the simplified notation form of the heat balance 
equation given in Appendix II, the heat loss (F), by the explosive sample 
during the time interval is a low exponential function of temperature, 
The thermal conduction part of (F), for example, follows Newton's law, 
in which the heat loss is proportional to the thermal gradient. The 
radiation component of (F) follows the Stefan-Boltzman T* law. As 
temperature increases, the increase in (F) is however much less import- 
ant than is the accumulation of heat (G) in the sample and for this 
reason is generally neglected as is shown in the derivation. It would 
appear nevertheless as further justification for a design which more 
accurately determines the actual temperature of the explosive sample, 
thus overcoming yet another possible error in the final determination, 
Nature of surrounding medium: 

Only in highly complex methods such as those employed by Robertson (2) 
and Yoffe (3), where an attempt is made to maintain isothermal conditions 


does the nature of the surrounding medium become significant, In these 





cases tho surrounding mediuna includss the atmosphere as woll as the heat 
bath, Here atmosoheres are controlled and facilities are included for 
collecting and analizing tho gases generated in decomposition. here 
consideration of surrounding medium is restricted to the bath or heat 
source, the matter is greatly simplified. It can be reduced, in fact, 
to a design parameter where choice of material devends upon availability 
and procedure, The material must necessarily possess a low melting 
point, genoral stability over a wide temperatures runge with respect to 
Composition, and a high boiling point, 

Frequency of temperature recordings: 

The frequency of temperature recording has an obvious and direct 
rslationshin to accuracy and reproducibility of data regardless of the 
method used. It can be readily appreciated that a procedure wherein a 
continuous record of temperature is obtained would possess marked ad- 
vantases aver intermittent recording methods. The final equipment 
design can best accomplish this aim through utilization of thermocouples 
in conjunction with continuous-operation pen-rcecording equipment, 
Position with respect to sample where temperature is taken: 

This factor represents a source of considerable variation in results 
reported by verious sources, In virtually every case the temperature was 
taken by thermometer or thormocouple but always the temperature was that 
of the heat bath. Any methcd which continues to incorporate this feature 
in its design can do little more than contriduts further data of com- 
purable viriation and questionabls value, “his oarameter, like others 
mentioned previously, seems to denand a method to alleviate the problem 


of doubtful temperature data, 





Se Equipment design and procedure, 

The approach to the final design and operating procedures adopted 
can best be described as emanating from "trial end error” technique, 
Trials were based on investigation and review of previous metnods and 
availability of materials. However, conclusions drawn from the foregoing 
analysis of parameters were tho primary criceria, 

The equioment consists essentially of four basic comnonents: 

(1) \ heat source 

(2) Sample container and immersion apparatus 

(3) Timing system 

(4) Temperature recording system 
The design and ultimate fabrication of eacn component will be discussed 
separately. 

Hes source's 

This component has taken numerous forms in oast studies. In the 
simpler systems the method usually consisted of a single bath containing 
some molten materiul such as Wood's metal. The contuiner was normally 
metallic and cylindrical, suporoximately two inch2s deep and five inches 
in diametor, The container and a resistanes vire heating element wrar ed 
around it were enclosed in a suitable insulating materiul., A variable 
transformer was normally included to rrovide accurate heat regulation to 
give different temperatures. Sich a moathod is yuite satisfactory but 
lacxs the versatility offer2d by a multiple bath bar tyne apparatus. The 
bar, aS picthred in ippcndix TIT, ennsists of a eolid cylindrical almni- 
num rod, three inches in diamster and 29° inches in Lems Clee ie S 
wore drilled into the bar one and onc--half inch betveen centers, Uach 


hole is one inch in dixmeter and on? end wnewhalf incies dee», an lth 
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hole, two inches in diameter was drilled into the bar as a reservoir and 
is joined to the other holes by a longitudinal tap hole at the base of 
each. The purpose of tha reservoir is to maintain a constant level of 
bath material in cach hole. it one end of the aluminum bar is affixed a 
heating wnit oonsisting of a resistance wire heating element wrapped around 
a solid brass cylinder. Configuration of the brass cylinder is such that 
a protective flange exists between the heating element and the aluninun 
rod, ‘The outside end of the brass cylinder is threaded and a collar oro- 
vided to allow compression of the spiralled heating element so as to 
improve hext transfer to the cylinder. The resistance of the heating 
coil is 6.6 ohms and at 115 volts allows 17.5 amperes to flow. 

The bath medium used in this study is a mixture of nitrate -ni+ri te 
salts called "Tempering 350 Pink," a product of Holden Metallurgical 
Products. This material melts at 146°C, and possesses an operating ranze 
of from 153°C to 593°c. It further offers satisfactory and stable elec- 
trical conductivity over the necassary temperature ranzs, 

The ontire bar assembly is mounted inside a rectangular box of 
Maronite insulation sheetin;, The latter is one inoh thick, six inches 
mith and 28 inches long. 

viriable transformer is included in thos heating circuit to permit 
current regulation nocessary for various temperature gradients. 
Mepenaix IV dists gradienva ecnaricteristic cf the bar assembly for various 
volthges. 
Sample container end immersion sooaratus; 
A metallic container wos considerec undesirable for the raasons pro- 


viously discusse”, In addition a francible contiiner was called for to 


oO 


s. 


facilitate incorsora.ion of the anticlnated timinz system to be discussed 
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supsequently. Ib was found th." four inch long Kimax melting ».oins 
capillary tubes wer3 ideally suited for the intendec noplication. 4. 
general radio type jack was modified to srovide 2 mounting for the malt- 
ine opoint tube and a means of atwaching the tube to a vertically sliding 
bar. This and the comelete imnsrsion aopuritus are dericted in Apvendix V. 
The slide itself is secur3d 1t the top to ths armature of a 24 volt TC 
solonoid which, when energized, rotuins the clide in the upward oosition, 
thereby permitting tho sample tube to be centerz¢c above she desired bath, 
ies Syetem ai tords the desirable feature. f remote actuation cf the 
Pample imMicrslen apparatus by interrugtin, Ghs Sloctrical circuit and 
peter e ieee eee orenold, & Thus Giewelacae bar falls to a prtdesorminel 
beelbion, imievagine tne sample Guve im thie heat bath. Clectrical contral 
of tne immersion apparatus in addition permits syncronization with the 


timing system. The entire assembly includes un inverted J snaped support 


mounted on rails on either side of, and parallel to, thos heat bar, 


Timing techniquos employed in previous studios were usually elece- 
trically operated, though a few relied solely uron manually operated stoop 
wetches, The electrical systems were actuated by compiction of an 
cloctrical circuit to a timing doevics whenever the met :llia sample con- 
teiner made contact with the sconductin,; selution used -:s 1 heat bath. 
Tormination «f tha timing cycle reculted from cw interruotion of the 
electrical circuit in some manncr, This was mest often ascomplished by 
utilizing the vressure exerted by the gases smcraic: upon detonation or 
ignition to displaca a cap or lever affixed to the top of the sample 
container, in inhorent crewback in this method is tie fact that spre. - 


Cisbie quantities of sample wer: requiree ta poun3rateo cufricient 
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pressure to accomplish a positive break in the timing circuit. Thus the 
feasibility of making, rather than breaking a circuit was investigated, 
After considerable trial and error, a very satisfactory method has been 
developed wherein a very fine copper wire is exposed in the bath when 
sample detonation fractures the melting point tube, In this way a cir- 
cuit is completed from a 24 volt DC source through a relay, the copper 
wire, the bath medium, and the aluminum bar to ground. A schematic of 
this system appears in Appendix VI. The actuation of the relay in this 
manner breaks the power circuit to the timer and terminates the timing 
cycle, The timing cycle is positively initiated by the action of the 
same switch used to break the circuit to the solenoid assembly. When 
this double pole, single throw switch is thrown, a circuit is completed 
through the relay actuating the timer at the same instant tho slide bar 
is released by the deenergized solenoid. Drop time for the slide has 
been accurately determined to be one tenth of a second. It is therefore 
necessary to correct each recorded time accordingly. The timer used in 
the timing system is an AC synchronous-motor-driven, DC clutch=circuit 
type elapsed time indicator, It is calibrated to read to an accuracy 
of one hundredth of a second. In this type of timer, a timing motor is 
in continuous operation from a 110 volt AC source. 1 clutch mechanism 
which engages the timer hands to the timing motor is driven by 24 volts 
DC. 

There are several critical points in the overall timing system. 
They are the fine copper wire, its function, and the necessarily sensi- 
tive relay. The fineness of the wire is dictated by the limited space 
available in the very small sample tube. It must therefore possess 


excellent electrical conductivity as an inherent property. The wire 
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gary to this writer, Thus an ifoortans usoect of this study is to 
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sarticla=, That is, the thermocouple contacts beth the tube wall and 


sample particles and is not therefcre subjected to heat transfer effects 


ma “vould be the case if the sample were to completely surround th. thermo- 
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The overall resvonie charuicterissic cf the thermocouple-Fisher 
Recordal? combination was determined to consistently record temoeraturs 
with less than one-tenth of a second lag and an accuracy of plus or minus 
one vercen*,. 
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are 
oreoared in the following manner: One end of the samsle tube is sealed 
by noment-ry aoolication in e wing top bunsen burner flame, Loading is 
accomalished by inserting the oven end of the samole tubs into a small 
mound of the exnlosiv: te be tested, The tube is inverted and the pore 
tion of th: samoie thet has beon retained in the open end is shaken 


Goce” OOGGOMeo: the tubo. © F weicht cetermination is made on the first 
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samol>, Sukseguent samslcs may be lcadad with sufficient accuracy ba 
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Tisasl comparison of depth cf sampl~ in the tube, 


wen “il samples hive been prapared, a orsliminary oquipment check 


Jeould oc curried out to insur. proper operation of all compoonents. 
The stins for this onase of the nrocedure are us follows: 
fo) fining system (Aspendix VI) 
(1) Throw control switch to timer oesition; timer will onerato 
if relay is in aormally closed »nosition. 
(2) Touch the rclay actuation wire to any ground notential; 
if broperly functionin;, the vroluy cont.sct will ooen, 


thus ston-ing timer, 
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(3) Return control gWitch to IFF sosi€aon; resect timtr te gers. 


(8) Temreriture recording systen (appendix VIT) 
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(1) Insure thst Fisher Recori#d1 is receiving : ower and 
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to #¢ terminal, rod lead to - terminal for -rover 
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(3) mply low heat to therm-c uple; observe oroao-r oporiition 
pero tere ty 
(C) molenoid s;btem ( .cpendi« V) 


eee rine bar will’ be 
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(i) Prow cantrol switcH te Coil 5 
ne Dae awed Sor itl om. 
(D) Hest source 
(1} Insure desired heit grediegnt is available by checking 


voltase inout to her.Jin, ecils in accordance with 


Following the equioment choexs, -rsesed with decermin. ion ss follows: 
(1) Insert thermoccupla and conver ralxy wire into loaded 


it 


sample tube. Insure thermocounle is cormtletel: 


(2) Insert Somnic tube in mounting jack, and 2ttrch latter 


(co) Pao control swittiets Cb p-sitian, @Macin~ sige 
bar in japward noti tion: 

(4 ) i imines Lon Accent, Vie ois ae La 

Crp Throw control svitey ts Pieee o-oo. 

(6) ter cetonetion ccocr , ob ive o.c remod dime @ 
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(9) 


REGU? Control Switch to CULL oWeiticn; rstract 213 
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bar anc sample tubo assembly, 


Remove any bath salts adhering’ to thermocouple by 
immersing latter in water. Dry thoroughly prior to rcure, 


Repeut steos one through nine fer subsequent test runs, 
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4, Experimental data. 

Using the procedure described above, the lowest explosion temperatures 
were determined for the explosives listed in Appendix VIII. The explosion 
times at a number of temperatures were also obtained for these explosives. 
No attempt was made to differentiate between ignition and explosion. 

These data were obtained primarily for the purpose of analysing the 
effectiveness and reproducibility of the equipment design and procedures. 
Since there were no previous studies that utilized the method employed 
here for obtaining temperature, no dirsct comparison can be made with 
the data from past studies to ascertain and evaluate accuracy of the re- 
sults obtained. However, data from the sources indicated have been 
included for the purpose of general comparison and correlations upon 
which conclusions may be drawn, 

In the process of obtaining the data it became evident that the 
Fisher Recordall chart speed was insufficient when ignition occurred in 
very short time intervals. Specifically, in those cases where delay 
time was less than two seconds, the recorder failed to produce a con-= 
sistently discernible break or variation in the chart trace at the point 
of ignition. It is therefore necessary to break the trace manually at 
the instant ignition is observed by throwing the function selector 
switch on the Recordall control panel from TC (thermocouple) to EXT. 

This problem, though considered insignificant for general determi- 
nations, is readily alleviated by utilization of an alternate procedure 
incorporated in the design for the purpose of obtaining a temperature 
trace versus time on a more precise and higher chart speed device such 
as a Brush Instrument Co. pen recorder or the Minneapolis-Honeywell 


Visacord. %&xamples of data obtained from both instruments are shown in 
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Laoendix X.. In this alternate method (se? uppandix V), 2 small citl 
has been snounted in such a nmann-r ag to bo centered directly below tas 
slide bar. «i alnico rod mazsnot mounted in the base of tne slide bar 
9enetrites tha coil as the slide bar descends. This nenetration induces 
Pevolt2.¢ in tae Gellewoich is trinsmittec to one channel in the recorc= 
int device. i deflection is -roduced which represonts the initial xo0int 
in the time intervuil. The thermocouple leads are led to another channel 
fyecne LT 2ccrdins Cevace oroviding 2 temoeraturo trace. Told janction 


comcensition is of course necessary in this s/jtem. Sample ignition 


tiduces a thermocoucle channel deflec.ion which is sufficient to indi- 
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Cracws shovm in woendix [%, there is » marksed eit trensfer effact inul- 
etted@and the actusl ten serature of isnition is in ooth cases uporeciszdl, 
helow the tomveruture of the bath. Insofar is the method employed by 
this wriser is concerned, it may be suncluded that bath temperature is 
not an acocurase neasure of tne tenperature of the sxplosive semple at 
tae time of isnition. 
Comouring the data in ipoendix VIIT, variations between the writers 
r sults and those from raference ([) ars essentially restricted to ciffsi- 
Sees tet Gertie Gemporutires; thoss of the writer are consistently 
omer in mMacnitude, 
Furtaer inveetization -f the heat transfer question when copper 
TWUDdS aro used is necessary before a conclusion can be formed with 
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APPENDIX I 
DEFINITION OF SYMBOLS 
Activation energy 
Cons tant 
Heat Canacity 
eet Lod 
Heat loss (A FPefree eners, of activation) 
Oraer fume tion 
Heat accumulation 
Heat generated by reacticn (A ‘-heat of activation) 
tlanok's constant 
Thermal conductivity 
Specific reuction-rate constant 
Heat of exolosion 
Gas constant 
Density 
mntropy (A S-entropy of activation) 
absolute tempers ture 


time (total raaotion time) 
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MSPENDIX IT 
DERIV TIONS 
This appendix, taxen larzely from rcfsronce (4) is concerneu with 
the derivation of the equation for the rolationship governing the tine 
42%, prior to explosion upon heating to u temperature, ee 
From the heat balance equation 
KV T H poat/atap yt (1) 
or in simole form 
F7~Gs 5 (2) 
which in the adiabatic cise becomes 
= Sk'f = Cet/dt = (3) 
integruting to determine parameters, 


-AP/RT 
kt = kT/h(e ) and AF ® A:-7aS (4) 


thus, revriting equation (3) 


“BSR (| AWRT dt 
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Le _ ee {fer x dn} e ae. 


ae “AH/RT, inte ere gives 
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: (6) 


13% t = tet, and assume T2T,over the interval tet,, one mu; 
Consider 2. to be suffic fontly anvariant to e* that it may 
be removed from under tho integril. Thus 


—-AS/R 
gia © ae RT  S4/KTo 
Nene. 
log t # A/T. £B (8) 


where . = AN/4,5€7 and B » log(Cha “4-/R)RT/Y ca 
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APPENDIX If 
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APPENDIX VII 


TEMPERATURE RECORDING SYSTEM 





l. SOLENOID 

2. SLIDE 

3 SAMPLE TUBE 
4. SUPPORT 


29 





ACVENDIX VIIT 
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Pee 
HEAT TRANSF SR CiLCUL: TION 
This appendix is concerned with the calculation of the time required 
for haat transfer in a Yoods metal bath-copper sample tube system. The 
crlezlations are based on 2 bath temperature of 300°C as a revresonta- 


tive averace of the temperature rane covered by the experimental cata 


oO 


f refersyness (1) and (5). Reprasentative values of film coefficient 
(nh) were obtained from r2ference (6). 


Formulatin: a heat balancs for the sistem 
it aie 
At p Cp $5 = AK (TE ~T) 


rucognizin, thal, 7; will never actually raach the value Tp, assume the 
uroar limit of inte.rition to be T)-109, Sevarating variubles 


Ty =~ 10 2 
aT = — 7 
Te-Ti ane, f 4 
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h 1700 me Za QO 2590 
fiis*c) 0,398 “262 0,228 0.175 
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